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Abstract: 

The asymmetric digital subscriber line (ADSL) takes advantage of the 
existing twisted-pair copper loop that currently provides customer access 
to the telephone network. An ADSL modem is placed at each end of the 
loop to create a high speed access link above the existing telephone 
service. Since ADSL makes use of the existing copper telephone line, its 
application in the telephone network can conceivably be nearly as 
ubiquitous as the public telephone network itself. With ADSL, it is 
possible to connect small numbers of customers to broadband services in 
areas where full upgrade to hybrid fiber coaxial or fiber facilities is not 
economical in the near term. ADSL systems offer a means to introduce 
broadband services using the embedded base of metallic loops in areas 
where optic fiber-based, hybrid fiber-coaxial radio systems or other 
broadband transport systems may not be scheduled for deployment in 
time to meet business needs and customer demand. The article 
concentrates on ADSL systems capable of at least a nominal 6 Mb/s 
payload transport toward the customer, in addition to associated 
upstream channels and symmetrical "telephony" services via nonloaded 
loops that comply with carrier serving area design guidelines. o 
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ADSL: A New Twisted-Pair Access 
to the Information Highway 

ADSL systems offer a means to introduce broadband services using 
the embedded base of metallic loops in areas where optic fiber- 
based, hybrid fiber-coaxial radio systems or other broadband 
transport systems may not be scheduled for deployment in time to 
meet business needs and customer demand. 
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odiiy s media, both the popular and trade 
press, is buzzing with news bites 
about the building of a national infor- 
mation infrastructure called the 
"information superhighway." Tele- 
communication providers, cable dis- 
tributors, and a mix of other market entries are 
busy piecing together their own versions of this 
infrastructure. Yet, consumers are still uncertain 
as to how to find an on-ramp. the so called Nasi 
mile." that will connect them to the much touted 
hyperband of hundreds of entertainment sources 
and interactive capabilities. 

Several architectures have been proposed and 
some are currently being tested in field trials. 
One of the most popular architectures, due to its rel- 
atively low incremental cost per customer, is 
hybrid fiber coax (HFC), which consists of an 
optical fiber feed from its network source to a 
coaxial cable (coax) tied 10 a few hundred homes. 
It combines the strength of a high capacity, low 
loss fiber backbone with the low cost of coax in 
the last mile to the customer. Another architec- 
ture being tried is fiber-to-the-curb (FTTC), 
which offers significant technical advantages 
for switched digital services, but has a higher cost 
per subscriber than HFC. Other promising 
architectures include 2K GHz wireless and direct 
satellite, each having its own distinct strengths 
and weaknesses. 

Another architecture is also on the near hori- 
zon — asymmetric digi t al subscriber linc jAPSL). 
This technology takes'a d vantage of thg existing 
twisted-pair copper loopihat >'urrem [yjuovides 
customer access ip the telephone network. An 
ADSL modem is placed at each end of the loop to 
create a high speed access link above the existing 
telephone service. Since ADSL makes use of the 
existing copper telephone fline.Tis application in 
the telephone rieiworkcan conceivably be_ nearly 
as ubiquitous as the public telephone network 
i tself . With A DSL, it is possible to connect small 
numbers of customers to broadband services in 
areas where full upgrade to HFC or fiber facili- 
ties is not economical in the near term. Us notable 



advantages are its ease of installation and its 
portability for use in other locations when the 
customer requests a disconnect or if a more per^| 
manent technology such as HFC is used to replace! 
the existing copper plant. Its limitations center 
around the number of channels that can be deliv- 
ered simultaneously to a given customer and. 
also, the fact that A/D conversion is required to trans- 
port analog broadcast channels. 

The idea for ADSL w as spa wned by Joe Lech- 
leidcr, a Bellcore rcse a rchc r L i n the late j t j80s as 
a naturaVext'ension of the digital subscriber line 
(DSL)access technology developed for basic 
accessjp.e,, basic rate) integrated Services Digital 
Network (ISDN). Bellcore's computational stud- 
ies were used by manufacturers and universities 
in refining the mathematics into working prototypes. 
(The article on ADSL by David L. Waring and 
Walter Y. Chen in the May IV94 issue ailEEE 
Communications Magazine provides an excellent 
tutorial on these topics.) This led to a standards 
development effort by the ANSI-accredited 
Committee IT Telecommunications, sponsored 
by the Alliance for Telecommunications Indus- 
try Solutions (AT1S). The technical development 
was begun in I W in the DSL access Working 
Group. Tl El .4, of subcommittee Tl E I . The first 
A DSL stand ard is currently in letter ballot and is 
expected to he issued in the spring of this year. 
ANSI has assigned thc.number "TI.41.V' to.ihe 
ADSL\taQOjard. 

The draft ADSL standard provides for a number 
of types of payload channels, noted as follows: 

* A high speed simplex channel provides a down- 
stream data rate of up to the DS2 rate, nominal 
h Mb/s. The channel can be divided into four 
1 .5 Mb/s channels, two 3 Mb/s channels, or any 
other multiple of 1 .5 Mb/s rate, provided the total 
rate does not exceed the maximum rate of o Mb-'s 
(The ADSL system can also accommodate 
payloads composed of European El rate, nom- 
inal 2 Mb/s. and data streams ). 

• A 64 kb/s duplex data payload channel is asso- 
ciated with the high speed channel to allow inter- 
active control and information flow between the 
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customer and the information service provider* s). 
Real time interactive capability is a key aspect 
of the customer services now being planned. 

• Other full-duplex channels provide rates between 
160 kb/s and 576 kb/s. depending on the ser- 
vices requested. For example, the customer could 
order basic rate ISDN and digital telephony at 
a rate of 384 kb/s; or the customer might order 
a high speed link at the full rate of 576 kb/s. 

• Le st we fo rgeL ajl ja? this.hjgb-gpgcd capability 
ending over the 0 Hz (dc) to 4 kHz band allot- 
ted ui basic telephone service. With the use of 
filters. ADSL channels and the telephone 
channel arc each oblivious to the traffic in the 
spectrum above or below their own. Even when 
an ADSL modem is unplugged, (he lifeline 
basic lelephonv service is unaffected. 

With closure on the letter ballot at hand, the 
committee alrcadv has aspirations for even 
greater capabilities for the ADSL. Another issue 
of the standard is being planned thai could oftcr 
downstream rates as high as the OC1 (M.S4 
Mh/s) rate and full duplex rates high enough that the 
name of the new issue has been changed to very 
high hit-rate digital subscriber line (VDSL). In 
three short years, the focus has progressed from 
work on ADSL systems withj .5 Mh/s P^'of ^ m 
1 993, to 6_Mbys pay loads in 1 W, and now to 50 Mb/s 
in 1995. One limitation on the payload rale is the 
speed capability of the available digital signal 
processing in the terminal modems. 

The APSJUVDSL technology ;is not limited to 
i wist e d - wi re pai rs . "i nvest i ga t ionsofUs' a ppl ica • 
lioi^rni'coMiafcable and for wireless systems arc 
underwav. Since the transn^s^njoss for a . given 
frequency on common coaxial cables is consider- 
ably less'than for fine gauge twisted pairs, the 
potential ranges may be even greater. So the 
ADSL techniques originall^conceived for wire 
riiirijTRY apnc ar in ^vcr-d\ incarnations m the 
future of the new information highway. 

ADSUs Place in the Broadband 
Network 



m DSL systems offer a means to introduce 
/IbroadFSnd services using the embedded base 
of metallic twistedpairs in areas where optical 
fiber-based, hybrid fiber-coaxial, radio systems or 
other broadband transport systems may not be 
scheduled for deployment in lime to meet business 
needs and customer demand. ADSL systems can be 
applied from the central office to the customer or 
from a network outside plant. multiplexer lo the 
customer. 

ADSL systems now in early field trials can 
transport one NTSC video signal in a eompressed 
digital format. Prototype systems can transport 
up lo four video signals in addition to other digi- 
tal channels within a digital bandwidth less than 
7 Mb/s or an anaiog bandwidth just over I MHz. 
Advanced ADSL systems thai may be capable of 
transporting 50 Mh/s or more lo a useful loop range 
are the subject of a proposal for a new standards 
project. 

This article concentrates on ADSL systems 
capable of at least a nominal n Mb/s payload 
transport toward the customer, in addition to 
associated upstream channels and symmetrical 



"telephony"* services via nonlqajitfiUttSPAlh** 
cornWwTTrTcarrier serving area (CSA) design 
guidelines. 1 

Metallic, Optic Fiber, Fiber- 
Coax, and Radio Broadband 
Transport 

Optic fiber-based loop access transport systems 
can deliver gigabits/second of data per fiber. 
Optic fiber is currently being deployed in the feed- 
er portion of the oulside loop plant to supply remote 
digital loop carrier terminals and SONET multi- 
plexers and Optical Network Unit (ONU) termi- 
nals. I .arge business customers arc often fed with 
optical fibers connecting to the customer equip- 
ment. . 

bmerging coaxial cable systems are potentially 
capable of 1000 MHz ( I Ghz) of analog band- 
width that can carrv a mix of analog and digitally 
encoded services. CabtejrV services arc increas- 
ingly using. o^icalfibe'r cable in their feeder sys- 
tem with coaxial cable providing l&cJS nal cusuxner 
connection, rvyiiial cable is also uscdjptwmpgwuh- 
jn customer premises fgr TV andjayne^AN *y*- 
The current cable TV disiribujic^ lant. 
fiber an^natialcablc. i s provisioned for one- 
way Vransmis^iojMoward^ th^ustomer. Convcr- 
sion to "two-way transmission is possible for many 
installations by replacing the system line ampli- 
fiers and end equipment. 

Terrestrial and satellite radio transmission sys- 
tems can deliver broadband service to business 
and residential customers. Most existing enter- 
tainment video svstems use one-way transmission 
toward the customer. Proposed radio systems can 
provide asymmetric two-way transmission with 
broadband downstream toward the customer and 
narrowband upstream from the customer. The 
upstream transmission from the customer is nec- 
essary to allow customer interaction with the 
information source and control of the down- 
stream data fiow. In many current cable systems, 
customer control is via the normal telephone line 
with a telephone call to a automated service program 
and human operator backup. Trials of iwo-way 
radio systems operating at 28 GHz are currently 
in progress. Spectrum allocation auctions by the 
FCC will foster future widespread deployment of 
radio-based systems. . . 

Except for a few trial areas, the vast majority 
of residential telephone customers are still 
served in the "last mile" by copper twisted pair 
cables. The loop plant has been optimized io effi- 
ciently transport baseband analog voice services 
with less than 3 kHz of bandwidth. Nevertheless 
the nonloaded portion- 1 of the plant is capable of 
transporting much greater bandwidth us.ng 
rmriern transmission techniques and data com- 
pression schemes t hat can now be implemented wit h 
integrated circuits. The portion? of the residential 
customer base no* served by bandwidth-limited 
loaded cable is gradually being replaced by carri- 
er-derived systems with nonloaded loop extensions. 
In some areas, as much as ten percent of the loop 
plant has optical fiber feeders to carrier terminals 
KK.aicd in the outside plant. 

It the proposed_50 Mb/sand up ADSL sys- 
icms prove pLacucal ahff eomomical. the life ot 



' Carrier senvtg area 
(CSA) loop design guide- 
lines wff originally devel- 
oped for »vr extension! 
from digital loop carrier 
remote terminals to cus- 
tomer permutes. CSA rules 
alio*, up to 12 kilofeet of 
24 gauge coble or 9 kilo- 
feet of 26 gauge, less any 
bridged tap. No more than 
two gauges of wire are per- 
muted and the anal length 
of bridged tap is limited. 

• CATV operators are 
beginning to modernize 
from the existing 450 MHz 
systems tom Mill. 750 
MHt or higher bandwidth 
systems. Ne*- cable system 
componenets are oftem 
wed for I CHzappltco- 
uons 

1 Historically . SO percent 
of the outside loop plant 
Has been "nonloaded " 
and the longer 20 percent 
has been "loaded. " Iruluc- 
mt loading of a loop 
results in the loop becom- 
ing a lowpass filter with 
lower loss ut the \oice fre- 
quency range, hut a steep 
cutoff obo\K 3 kHz for the 
common loading plans. 
There are also loop load- 
ing plans for 7.5 and IS 
kHz program audio ser- 
vices. 

* Transmission loss for 
nonloaded cables increas- 
es approximately as the 
Ufuare root of the fre- 
quency. 

' Individual wire centers 
wry a great deal from 
these nationwide averages 
of SO percent nonloaded 
loops and 20 percent 
loaded loops. Same 
offices, especially w rural 
areas. ha\r more loaded 
coble than nonloaded 
cable. Digital loop carrier 
deployment is reducuig 
the use of loaded cable. 
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theem bedded copper loo p base co u.ldjjg exiejid- 
e d even longer and allow capi tal Tnves imctU > n 
advanced transpoil ULb^ spjead out. As more 
fiber based'ca'rrier systems are deployed in the 
field, the re maining nonloaded cab le drops to jhc 
customer fro m the central off ice_or f rojiLaa ON U 
are tending to be shorter andshoxter. This short- 
er loop population will help the application of 
high bandwidth metallic loop transmission tech- 
niques. 

Video Dial Tone Overview 

Figure I illustrates a high-level view of an archi- 
tecture for delivering of video dial tone (VDT) 
services. At the left are a number of information 
providers (IP's) (also referred to as information ser- 
vice providers or video information providers). These 
entities provide interactive customer access to 
libraries of video, image, audio, and textual infor- 
mation or to televised live events. 

At the right in Fig. 1 is a customer's premises 
with various terminal equipment such as television 
sets, video recorders, high-fidelity audio systems, 
ISDN terminals, workstations, and possibly video 
conference gear. Also shown arc voiceband tele- 
phone terminals, such as station sets, fax machines, 
answering machines, and voice frequency modems. 
Some of this terminal equipment may interface with 
service modules (SMs) in ADSL terminology or 
set top boxes (STBs) in VDT terminology. These 
SMs contain the specialized decoding, customer- 
provider interactive control and interface circuits 
needed to connect with customer terminal equip- 
ment for a given service or package of services. 

The telephone company network connects the 
various information service providers and the 
customers. The main tasks of the network are to move 



the desired information between the providers 
and the customer and direct (switch) the informa- 
tion streams as needed. Transport can be: 

• Point-to-point between a single provider and a sin- 
gle customer. 

• Point-to-multipoint berween a provider and many 
customers as in normal broadcast practice via radio 
or cable. 

• Mullipoint-lo-poinl between several providers 
and a single customer location with more than 
one service active at a given time (i.e., a cus- 
tomer premises with several TV sets. VCRs, or 
personal computers in use). 

The network connects to the information 
providers via a data transport and switching sys- 
tem that is rapidly evolving from a narrowband, 
voice-based system to a broadband, digital data 
system. The network interoffice transport is dom- 
inated by optical fiber systems and digital multi- 
plexed transmission. The network also contains 
the switching and transport elements for tradi- 
tional telephony services such as basic voice and 
ISDN Basic Access. The customer's telephony 
switching services are provided in the nearest net- 
work central office. (Not shown arc the overlay 
resources, such as transmission facilities, testing, 
monitoring and processing equipment, used to 
provide operations control and maintenance for the 
overall network and its pans.) 

The broadband information service system for 
entertainment video and audio tends to be highly 
asymmetric in direction, with the data flow toward 
the customer being much larger than the flow 
from the customer toward the nerwork and infor- 
mation provider. A large part of the information 
toward the custome r is expected to be moving image 
video, while the data from the customer may be 
low- rate interactive control information such as 
keypad control for service selection and control 
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[Figure 1 . Video Dial Tone (VDT) architecture. 
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I Figure 2. ADSL system architecture. 



for entertainment services. 

Computcr-ba*ed services will have file trans- 
fers from the customer, but these lend 10 be 
smaller than those from the information providers. 
The information providers and the network 
provider will transmit graphical menus and inter- 
active responses to the customer. Once a service 
is selected, service control programming and option 
selections mav sent to the set top box. These cus- 
tomcr/provider/STB exchanges can be sent via 
the low-rate control duplex control channel asso- 
ciated with the wideband channel. 

Basic data and voice telephony services that 
connect customers to other similar customers are 
designed tor the same data transport and switch- 
ing bandwidth in both directions. Services such as 
ISDN channels may transport data, video, image, 
and audio information. 

The network and customer meet via the out- 
side loop plant that extends to the central office. 
The majority of this loop plant is made up ol 
metallic twisted-pair loops designed to optimize 
analog voice baseband transmission, station set 
powering and low-frequency call control signal- 
ing An increasing percentage of the loop plant 
has been replaced with digital multiplex carrier 
systems with the terminals installed in the outside 
plant. Digital loop carrier (DLC) systems are used 
for most of the new and upgraded outside plant 
installations starling as close as » kilotect (kf > 
from the central office. Customers served by 
these carrier systems arc connected with metallic 
loop extensions that tend to be much shorter than 
those that originate at the central office. Newer 
carrier system installations are fed by optical fiber 
transmission systems from the central oltice. 
FTTCdistribution architectures refei to the remote 
terminals as ONUs. 

While the current narrowband telephony nei- 
work is optimized for voice switching and transport 
(in ? kHz analog and 64 kb/s DSO digital lormats. 
the newer proposed services require much higher 
data rates, several megahertz for analog video or 
several megabits/second for digitized, compressed 
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video One approach to providing transport ol these 
high data rates through the outside plant to the 
customer is to install new high bandwidth tacili- 
ties Network porivders are planning to serve cus- 
tomers with at least one such facility such as direct 
optic fiber facilities, coaxial cable, or microwave 
radio transmission. It will be years betore a signif- 
icant fraction of the customer base can be served 
with new facilities. Another approach is to utilise 
advances in integrated circuits, transmission tech- 
niques, and data compression algorithms to 
develop transmission systems that extend the use- 
ful bandwidth and economic service lives of the 
embedded copper loops. ADSL technology is 
such a system. 

ADSL System Architecture 

Figure 2 illustrates the basic architecture of an 
ADSI svstcm. The ADSL functions at the net- 
work end (or central office end) are labeled 
ADSL Terminal Unit-C ( ATU-C)n together with 
a splitter function (S-C). Splitter-C may be packaged 
with the ATU-C. The ADSL functions at the cus- 

tomcr end jojjEmutcSB^^^^ 
A D^ TerrninaiiJ nit- ^ together with 

: , Nph'tur" tunciimL^SJL5ft | tot:B.may fee pack- 
,«ed"wi'rh the ATU-R. The ATUs contam_thc 
neccsvarv loon trans«jyerslmodems)jTi^^ 

spliuers serve to direct the ADSL signals (above 
about 2U kHz ) and basic voice and control telephony 
signals (below 4 kHz) to and from the loop and to 
isolateonesetofs»gnalsfromthcoiher.Reas,mable 
passive filter designs necessitate a guard band 
from 4 to 211 kHz between the voiceband and 
ADSL signals. 

The ATU-C interfaces with the network switch- 
ing transport, and other multiplexing functions 
and network operations. It may be located in a 
central office or in a remote hut in the outside plant 
us an extension of a carrier system. The ATU-L 
performs the basic multiplexing, demultiplexing. 
Transmitting, receiving, and system control functions 



iWkbys 1 - 



0-3 kHz 



"IttADSL and HDSI, 
ttminolo&. thr suffix 
-.('" intticaiv* u device 
used at the cent rat off ire 
or nefl**>rk end ft} the sr\- 
it?m. Theuiflti ' -H' indi- 
cate* a dev ice u%vd at the 
trmotc " or customer end 
of the sy stem. 
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The network 
is in the 
midst of an 
evolution 
from the 
traditional 
digital 

transmission 
hierarchy to 
one built on 
ATM that 
has very little 
restriction on 
channel 
bandwidths. 



7 A recent proposal for a 
customer premises distri- 
bution anhitccturc ha.\ 
multiple A TV- Rand 
SMiSTBpatn fed by a 
single A TV- C at the net- 
work end. thm providing 
a potnt'to-multtpttmt 
ttmcnirr. 

■ v Similarly: the term "fHr- 
sutsynchnmous Otgual 
Hierarchy ' {WW hai 
been coated and used to 
refer to the traditional dig- 
ital transmission network 
to distinguish a from the 
SOSETiSvnchmnoHS 
Digital Hienin hy tSDIIi. 



and provides interfaces to ihc loop, network 
transport, and switching and operation* systems I not 
shown). The ATU-C functions might also be inte- 
grated within a higher level network clement, 
e.g.. a carrier multiplex terminal such as a DLC 
remote digital terminal (ROT), fiber ONU. or 
ATM multiplexer. The Splitter-C forms the inter- 
faces among the ADSL transceiver in the ATU- 
C, the voice telephone network, and I he loop. 

Connecting the network and th e customer 
premises is the twisted- pair copper. [pop. Figure J 
depicts" a possible set of the spectra on the loop 
for echo canceller with hybrid (ECU) ADSL sys- 
tem. Th ere arc the bidirection al basic voice telc- 
phony signaU the, liwwisirjtajn. ADSL signahyith 
a binary equivalent bandwidth, in the. 7 Mb/s 
range, and an upstream ADSL signal. with_ a . bina- 
ry equivalent bandwidth in the 700 kb/s range. 
The analog bandwidths for the ADSL signals 
depend on the modulation scheme used, but are 
probably about I M Hz downstream and about 
lOOkllz'upslrcam. 

TheTIEl .4 ADSL interface standard allows both 
ECH and frequency division multiplexing (FDM) 
bandpass structures for ADSL system implemen- 
tations. The two types would be able to intemper- 
ate with an ECH AT U recognizing and adapting 
lo the frequency bands of a connected FDM 
ATU. Echo canceller implementation allows the 
ADSL loop spectra to be kept as low as practical 
in frequency to minimize loss and possible radio inter- 
ference ;ii the cost of increased complexity. 

The most convenient description for the target 
loop population that is desired for ADSL system 
deployment arc the CSA guidelines originally 
developed for DLC system loop extensions. For 
ADSL system deployment purposes, the description 
is also applied to loops thai originate from the 
telephone company central office even though there 
is no loop carrier system involved. The intent is 
that loop serving areas in which the loops compry 
with CSA rules. ADSL systems may be installed 
without loop conditioning, such as removal of 
bridged taps. Prc-service testing of the individual 
loops is not needed. Actual CSAs associated with 
DLC systems have been designed to comply. For the 
areas around a central office, most loops can be 
screened and qualified in bulk from the plant records. 
Individual nonloadcd loops that do not comply 
with CSA guidelines may still work tor ADSL 
transmission, but a concise characterization is not 
available and full ADSL system performance is 
not guaranteed. 

A Spinier- R function forms the inierfaces 
among the loop. ADSL transceiver in ihc ATU- 
R. the telephone internal premises wiring, and 
terminals. The ATU -R presents the interlaces loihe 
local distribution for the broadband services via 
the SM/STB. The ATU-R also presents customer 
interfaces for ISDN Basic Access, either "IT 
(shown) or "S/T" (not shown), and any 384 kb/s 
or 576 kb/s-ba^ed services that arc present. Note 
that the ATU-R requires local powering at the 
customer premises because the basic telephone 
direct current on*hook.off-hook signaling and 
station set powering takes precedence. 

The STBs contain the necessary decoders and 
terminal inierfaces for the given service and customer 
control interfaces. A given ATU-R may feed one or 
more STBs. 7 



Each of the ADSL receivers in the ATU-C 
and in the ATU-R can relay information back 
io its companion transmitter at the other ATU 
via the transmitted channel in the opposite direc- 
tion. These information feedback paths allow 
each transmitter to adapt sub-channel bit capaci- 
ties and power allocations to the loop characteris- 
tics and interference as measured by its companion 
receiver. 

ISDN Basic Access may use either a two-wire 
"U" interface or a four-wire "S/T" interface at 
ihe customer's choice. The ATU-R should be 
able to recreate either the tbO kb/s 2BIQ DSL 
signal for the U interface, or the 192 kb/s for the 
S/T interface depending on the customer needs. 

AD5L-3 With Synchronous and 
Asynchronous Networks 

rhe telephone network is in the midst of an 
evolution from the traditional digital trans- 
mission hierarchy huill on DSO (o4 Kh/s) and DSI 
(1,544 Mb/s). or El (2.048 Mb/sin Europe and 
elsewhere ) mtxiularities toone built on asynchronous 
iransfer mode (ATM). ATM mayu.se channel band- 
widths that are multiples of 4 kb/s lor conve- 
nience in generating clocks. The existing digital 
hierarchy is now being retroactively referred to as 
'synchronous transfer mode" (STM).* 

SONE T virtual tributaries can transport broad- 
band channels that will become the A DSL pay loads. 
SONET VTt .5, VD. and V lh pay loads correspond 
tothe DSl.DSlCandDS2dataratesofl.544..VI.S2. 
and 6.312 Mb/s. respectively. SONET can also 
carry ATM cellswhich can accommodate daia 
rates with fine increments. 

lite proposed ADSL-3 system framing structure 
is capable of allocating its downstream and 
upstream payloads in increments of 32 kb/s. 
ADSL systems can accommodate traditional 
digital rates, both US and European, as well as 
ATM -based payloads. 

T1E1.4 Draft interface 
Standard 

rhe first complete draft version of the ATIS 
(formerly FCSA) Working Group Tt E 1 .4 
draft ADSL interface standard was assembled at 
the June 6-IU. l*W4 meeting in Kansas City. Mis- 
souri. Disposition of all comments on issue I was 
reached at the February 27-March 1. 1W5 meet- 
ing. Tl Committee approval is expected to be 
automatic. ANSI publication of the document 
will likely be by summer I W. 

The Working Group has chosen to emphasize 
Discrete Multitone (DMT) implementations over 
other proposals such as quadrature amplitude mod- 
ulation (OAM) or carrierless AM.'PM (CAP). As 
previously mentioned, the standard allows both 
ECH and FDM implementations. Mosi of the 
desired features and expected performance of an 
ADSL system are not dependent on having a spe- 
cific transmission scheme. 

The standard allows two levels of capability. 
Category I or "basic" and Category II or "enhanced. 
Category I has "sub-C'SA" loop range, does not 
require trelliscixJingand allows either ECH or FDM. 
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Category 1 1 has full CSA-type loop coverage as a lar- 
get and requires echo cancellation. 

Among the many system issue* addressed in 
developing the ADSL standard were: 

Spectrum Compatibility — Spectral compatibility 
and mutual crosstalk among ADSL systems and 
the manv transmission systems already in use in 
the outside loop plant. Analysis of the interaction 
between ADSL signals and the US1 T-carrier 
lines, resulted in spellingout deployment guidelines 
for ADSL depending on whether T-carner was 
present and whether the two systems shared the 
same binder group. 

Impulse Noise — Impulse noise has not appeared 
to be a significant performance impairment for 
DSL. HDSL, or T1 line systems. However, the 
received signal levels for ADSL systems, especial- 
ly at the customer end for the high frequency 
downstream signal, are much lower than for earli- 
er systems. Until recently, little experimental data 
was available on the statistics of sources, levels, 
waveshape/spectra, and arrival times for impuls- 
es at the customer premises. The existing data did 
indicate that the impulse levels were on the 
same order as ADSL signals and the spectra 
overlapped. Thus, the potential for ADSL system 
transmission errors was significant. ADSL system 
designs include forward error correction and cod- 
ing schemes to counteract the burst error effects 
of noise impulses. Data from recent customer 
premises impulse noise measurements arc being 
used to help develop simulations and laboratory 
performance verification tests for impulse noise. 
The ADSL draft standard includes a laboratory 
impulse noise test- 
ADSL Versus Telephone Service — Mutual effects 
between ADSL transmission and the telephone voice 
and control signaling that share the same host 
loop were the focus of intense study/* Indeed, the 
most fundamental ADSL system requirement is 
to hold degradation of telephone transmission 
and operations to an absolute minimum level. 
The standard specifies maximum values for addi- 
tional dc resistance, voice frequency loss, and fre- 
quency distortion and return loss/impedance 
degradation. 

Radio Frequency Interference — Although not 
specifically addressed in the standard, potential radio 
frequency interference from ADSLsignal radiation 
leakage from the loop and inside wiring. There is 
also a potential for interference to ADSL trans- 
mission from radio energy coupling into the loop 
from external sources. Bellcore analyzed both 
cases considering the many radio services, including 
AM broadcast band, which overlap the ADSL 
frequency spectrum. The results were submitted 
m the Working Group. It appears that as long as 
accepted practicesformaintainingelectrical balance 
between each of the two loop conductors, and the 
connecting circuitry and the external environ- 
ment are followed, there should be minimum 
concern for radio frequency interference. 10 

The standard devotes several pages to describ- 
ing the many possible payload channelization 
options to accommodate common U.S. and Euro- 
pean data rates. 
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■ Figure 3. Example ofADSL-3 spectra with echo cancellers. 

ADSL Forum 

j\ new organization, the ADSL Forum, has just 
Alformed to deal with market and technical 
issues for ADSL system deployment. The ADSL 
Forum is patterning itself after the ATM Forum, 
which is playing a key role in ATM development and 
deployment. The ADSL Forum has the goal to 
push forward on all aspects of ADSL deploy- 
ment. There is a M a rketing/Serv ices/Educational 
subgroup and a Technical subgroup. A prime 
mission of the Marketing group is to influence 
affected company executives, in the United States 
and around the world, that ADSL makes sense 
until HFC and FTTC can be deployed. The lech- 
meal subgroup intends to pick up where the stan- 
dards groups like TIE 1.4 and ETSI leave off and 
ensure that complete end-to-end network solu- 
tions arc available for ADSL deploymc nt . They plan 
to establish links to the network providers, equip- 
ment vendors, and all of the related standards 
bodies, forums, user groups, and other entities 
related to broadband services. 

The ADSL Forum technical subgroup plans to 
publish proposals for networking solutions for 

ADSL deployment as they are developed. They plan 

to address most of the unanswered concerns 
mentioned elsewhere in this document. 



Additional Network Provider 
Requirements 

yi new technology should merge smoothly into 
Aldeplovment in the telephone network and 
provide reliable, economical service, l or this to 
occur, it is not enough to have a standard specifi- 
cation for ihc electrical and physical details of the 
network to customer interface. Beginning with 
an interface standard, the network providers 
supplement such specifications with additional 
requirements. Among the subjects covered are: oper- 
ations, administration, provisioning and mainte- 
nance ( OAM& P), network synchronization, physical 
design and packaging, powering, environmental and 
safety concerns, human factors, equipment iden- 
tification, documentation, personnel training, man- 
ufacturing, and quality control. These supplementary 
requirements may be published in the form of 
Bellcore documents, network provider request 



* A charter function of the 
TIE 1.4 working group is 
to develop interface* asri- 
ciaied with network-cus- 
tomer access, in order to 
do that, the standards 
dtKumtni explores the 
implications of the inter- 
face both into the network 
and into the customer 
premises. It had to also 
consider any possible 
effect on telephone perfor- 
mance and operations. 

t° For the advanced very 
high rate systems, this 
issue wilt probably require 
another look. Radiation 
efficiency increases as sig- 
nal wavelengths decrease 
and become comparable 
to loop segment lengths. 
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" T»6 Bellcore frame- 
work Advisories, FA- 
SWT-OOl i07 and 
FA-NWT-OOIMK discuss 
preliminary w»i of basic 
technical and operational 
considerations and 
requirements for 1.5 MbU 
systems. 

!i Such pre-.uandard 1.5 
Mbis ADSL syxtems are 
often called ADSL I" 
systems u» the first genera ■ 
turn. These systems are 
being considered as access 
it htcles 10 the Internet 
since they ha\e a transport 
capacity much larger than 
current 2 US kbis anatoe 
votceband modems. 

' J The current MPHC-2 
video compreiston stan- 
dard needs about 20 Mbls 
for high -definition televt- 
sum (HDTV). High rate 
HDTV-capable ADSL 
systems have heen pro- 
posed Ihe need for lone 
loop coverage should 
decrease as optical fiber 
feeder transport systems 
art deployed both closer 
to the central office and to 
the customer The TIF 1. 4 
Working (in tup is serious- 
ly considenng starting a 
study project on \xry-high- 
rate DSL (VDSL) systems 
that will consider both 
asymmetric and symmet- 
ric transport for payloads 
of at least SI.R4 Mbfs. 
E l SI is also considering 
high rate DSL systems. 
Other industry entities are 
amsulrrtng similar rate 
systems for local area net- 
work applications. 

14 Processing at the service 
provider end may be the 
dominant delay for the 
control channel. 



for quotes (RFO). and references to require- 
ments and standard* by other industry and standards 
entities such ax the IEEE, ISO. and ANSI. The 
vendors, network*, and Bellcore work together to 
develop systems that meet network needs while bal- 
ancing costs and allowing for equipment designer 
innovation. Some of the tradeoffs for ADSLsystems 
arc discussed below. 

Spectrum Compatability, Loop 
Population, Line Rate 

a DSL system bandwidth capacity and trans- 
A\ mission range must be traded off against each 
other. The first desire is to have the system capac- 
ity, and thus the line rate, be as high as the technology 
allows. Likewise, the desire is to cover as much of 
the loop population as possible, such as all of the 
nonloaded loops. Unfortunately, (he worst case 
■•legal" loop can not support the maximum possi- 
ble line rate and remain spectrally compatible 
with other ADSL systems or oiher transmission 
systems that may be in the same cable. 

At a given time, the state of the an in digital sig- 
nal processing gives some limit on the possible 
transmission line rate. Transmitter circuit lineari- 
ty, and spectrum compatibility concerns place 
bounds on the transmitter power that can be used 
on the kwp. With a bound on powe r. the loop loss ver- 
sus frequency characteristics result sooner or 
later in received signal levels low enough that 
they can not be extracted from the background noise 
on the loop or internal recc ivcr noise without increas- 
ing the complexity and cost or delaying availabili- 
ty of the system beyond the market predictions 
and needs. 

Operational and administrative concerns are 
as important as the transmission characteristics of 
the loop plant. The ope rating company must be able 
to readily identify the subset of the loop popula- 
tion on which an ADSL system will operate the 
vast majority of the time (say. for example. 95 
percent with some performance critc rion such as bit 
error ratio (BER) less than II)- 7 ) without qualifi- 
cation testing of the individual loops. The opera- 
tional support data bases must have flags for 
serving areas that ADSL systems can be installed 
with assurance that almost all will work without 
modifications of the loop. Nonloaded loops are 
flagged in the data bases. A computerized oper- 
ations system (OS) can possibly be used to help 
identify a serving area in which the loops conform 
to CSA rules or distribution area (DA). Bulk 
qualification of loops by serving area is highly 
preferable. 

Some ADSL systems were developed and put 
into production before the ADSL standards was 
developed. These systems can transport a 1.5 Mb/s 
payload through 18 kf nonloaded Resistance 
Design loops." With MPEG- 1 video compression. 
1.5 Mb/s provides video quality thai is perceived 
to be equivalent to VHS VCR. These 1 .5 Mb/s 
svstcms are being used for field triaU. i: 

T he focus of the standard is a n ADS L system that 
is capable of transporting 6+ Mb/s digitajjignal 
through CSA-typc To*oj)s withoulTrcarricr^rc- 
sent or through Dlsinbuiion Area typcToops with 
Tl present. , WUn*"MPEG-2 compression, a 5 to n 
Mb/s signal can provide video that is perceived as 



full-motion studio NTSC quality. 11 Alternatively, 
the 6 Mh/s stream may be composed of one or 
more 1-5 Mh/s video streams, or higher rate data 
streams with a total of about h Mb/s. 

Transmission Delay 

I /oice communication and real time duplex 
V services tend to be intolerant of transmission 
delay beyond a very few milliseconds unless spe- 
cial circuit designs with echo suppression or echo 
cancellation or delay tolerant communications 
protocols are provided. Even with delay treatment, 
delays above some fraction of a second result in 
human communication becoming awkward. For 
data communications, protocols must allow for 
extended round-trip delay. Fortunately, these 
services lend to be more tolerant of errors. 

Motion video, high quality audio or image ser- 
vices with broadband transmission toward the 
customer, and an associated narrowband duplex 
control channel can be very tolerant of transmis- 
sion delay. For most services, a one-way delay of 
a second or more on the downstream broadband 
channel probably would not affect customer satis- 
faction. For the duplex control channel. 14 delays 
of small fractions of a second should not be notice- 
able to the customer. 

Broadband video services tend to be much less 
tolerant of errors than services such as voice or 
narrowband data. A bi; c rror ratio t hat would be not 
noticed on a voice channel can result in totally 
unacceptable artifacts in video transmission. For that 
reason, error control is embedded in the encoding 
and compression algorithms for video. For trans- 
mission errors that the receiver cannot correct, ciror 
concealment techniques, such as continuing to 
present the last "good" screen image, are uti 
lued. As discussed, in addition to the error con- 
trol within the broadband payload, ADSL systems 
are expected to need their own error control to 
achieve acceptable performance for the candidate 
services with the impairments and interference in 
the loop environment. 

Candidate services thai tend to be intolerant 
of errors lend to be tolerant of the transmission delay 
introduced by error control techniques. Services that 
lend to be relatively tolerant of errors tend to be 
intolerant of transmission delay. The ADSL standard 
allows for payloads to be assigned lo either error- 
protected paths with added delay or to minimum 
delay paths through the ADSL system as appropriate. 

Remaining Issues for ADSL 
Deployment 

rhcre are a number of issues about deployment of 
A DSL- type systems for which complete answers 

are not yet available: 

• How can ADSL systems accommodate trans- 
port of existing analog broadband services, 
such as non-premium television channels, 
without requiring a STB for each customer ter- 
minal. 

• How can ADSL systems allow for the graceful 
evolution from ADSL system installations to pos- 
sible future hybrid fiber-coax or optic fiber 
upgrades of the outside plant? 
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• How can ADSL systems be provisioned without 
individual customer service design or loop con- 
ditioning? How robust is the ADSL system to: 
loop structure conditions, such as working 
lengths or bridged taps longer than indicated 
by records; common loop faults, such as corrosion 
or water incursion; interference from other 
systems, such as 1 .5 Mb/s Tl lines. 

• How can advanced high rate DSL systems be 
deployed while minimizing radio frequency 
interference concerns? 

Each of the broadband transport architectures 
have their own list of concems.The relative impor- 
tance of some concerns depend on the applica- 
tion; for example, transport of analog television 
channels is not critical to computer-based services. 
These issues are now being addressed by the ADSL 
Forum and others. 

Where Do We Go From Here 

A The role that ADSLwill have in providing access 
f\\o the information highway is still being 
formed by industry, network trials, market strate- 
gies, and the rapidly increasing ADSL payload 
capacity. Some believe that the greatest asset of 
ADSL technology is its ease in providing business 
and learning applications, such as work-at-home, 
LAN interconnection, distance learning, and, 
perhaps more importantly, Internet access. Oth- 
ers are hanging their hats on providing access to 
entertainment sources such as movie, educational, 
. and lifestyle libraries. 

Some people axe not yet sure about ADSL's place 
in broadband transport deployment. Questions 
center around the diversion of scarce resources 
from new HFC deployment, thus penalizing the 
solution of choice by many industry experts. Yet 
others in the industry foresee a synergy of ADSL 
with HFC (and also FTTC). ADSL, they believe, 
will allow them to attract larger audiences by pro- 
viding nearly ubiquitous access to the information 
highway in the near term. With their ability to 
share an existing host twisted pair copper loop 
with an ordinary telephone service, ADSL systems 
provide the network operators a means to offer 
wide bandwidth services in customer areas 
where the initial demand is relatively low and 
/scattered. When HFC or FTTC does become 
( economically attractive in those areas, ADSL 
V modems can easily be removed and reused else- 



where. As mentioned, ADSL systems could be 
used as one type of extension of FTTC to the cus- 
tomer premises. The tactic of reusing interim 
solutions, by the way. is currently being employed 
with a sister technology, high-bit-rate digital 
subscriber line (HDSL). HDSL modems are 
used when neither Tl carrier nor fiber is avail- 
able to provide 1.5 Mb/s DS1 -based services on a 
timely basis. Provisioning HDSL, as expected for 
ADSL systems, is quick, with no system adjust- 
ments and no changes in the loop. When fiber 
becomes available in that customer area, the 
HDSL electronics are recovered and used else- 
where. , ... , . 

Whatever services ADSL technology will ulti- 
mately support, whether they be business, enter- 
tainment, or both, is yet to be realized. Being able to 
convert an existing copper access line that was designed 
for voice access into a multimegabit digital access 
ramp to the information highway is an intriguingand 
exciting thought for industry and users alike. 
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Glossary of Acronyms 



ADSL — asymmetric digital subscriber line: DSL with higher band- 
width capacity in one direction, usually toward the customer. 

ADSL Forum: organisation formed to promote ADSL system 
deployment and to act as a central focus for addressing ADSL 
concerns. 

ANSI — American National Standards Institute: accredits ATIS 
(formerly ECSA) to develop network-customer interfaces. 

ATIS — Alliance for Telecommunications Industry Solutions: sup- 
plants Exchange Carriers Standards Association (ECSA) as spon- 
sor of T1 Working Groups (1993). See also ANSI. FTSI. 

ATM — asynchronous transfer mode: digital switching of one 
fixed length S3 byte cell at a time. 

ATM Forum: organization formed to promote ATM deployment 
and to act as a central focus for addressing ATM concerns. 

ATU-C — ADSL Terminal Unit-Central Office: ADSL terminal nearer 
to network at central office or remote network node. 

ATU-R — ADSL Terminal Unit-Remote: ADSL terminal nearer to cus- 
tomer. j , . 

CAP — cameriess amplitude modulation/phase modulation: a candi- 
date technology for ADSL; a passband transmission technique; 
a variant of QAM. Current standards committee emphasis is on DMT. 

CO — central office: refers to a switching entity for an NXX code, 
the first three digits of a local phone number. The term "wire 
center" is used to refer to the building when referring to the ori- 
gin of the outside loop plant. Sometimes "central office" ts used 
to mean 'wire center" when the intent is clear. A wire center 
often has more than one central office NXX code. 

CSA — carrier serving area: loop design guidelines developed for 
wire extension from DLC RDTs to customer premises. Allows 
maximum of 12 kf/24 gauge or 9 kf/26 gauge, less any bridged 
tap. Additional rules limit the use of mixed gauges and the total 
length of bridged tap. A CSA may contain one or more distrub- 
tion areas (DAs). 

DA — distribution area: loop distribution area beyond outside 
plant distribution interface. 

DLC — digital loop carrier: an enhanced variety of digital channel 
bank that allows one end. the remote digital terminal (ROT), to 
be installed in the outside plant. 

OMT — Discrete Multitone: a version of multi-earner modulation 
that allows allocation of payload data bits and transmitter 
power among more than one subchannel depending on the 
loss, impairments and interference encountered for each subchannel. 
Individual subchannels may use QAM (or other modulation). Can 
be set up for baseband or passband. A candidate technology for 
ADSL. Current ANSI ATIS standards committee emphasis is on 
DMT techniques. 

Drop wire: last portion of loop connecting distribution cable to the 
customer premises; the most common single-pair aerial drop 
wire (F-type) has parallel conductors, not twisted. 

DSO — digital signal 0:64kb/s. Used for the traditional 8 bit PCM voice 
channel. 

DS1 — digital signal 1 : 1 544 Mb/s with a payload of 1 .536 Mb/s. 
Bidirectional. ADSL uses only one direction. European counter- 
part is El at 2.048 Mb/s. 

DS1C — digital signal 1C: 3 .1 52 MbVs. Can transport two asynchronous 
DS 1s by bit-stuffing. 

OS 2 - digital signal 2:6.312 Mb/s. Can transport four asyn- 
chronous DSIs. 

El — 2.048 Mb/s: European counterpart to DS1 1 544 Mb/s signal. 
Uses a common signaling channel for customer signaling 
instead of robbed-bit signaling. The El payload is 1 984 Mb/s. 

EC — echo cancellation, a technique for implementing a DSL in 
which a record of the transmitted signal is used to remove 
echoes of this signal that may have mixed with and corrupted 
the received signal. It allows the transmitted and received spectra 
to be the same or to overlap on the same media at the same 

Ech™ echo canceler with hybrid: used for DSL and HDSL systems 
and possibly for later generation ADSL systems such as ADSL-3. 



ETSI — European Telecommunication Standards Institute: Euro- 
pean counterpart to ANSI ATIS (formerly ECSA) in developing 
telecommunications standards. 
FEXT — far-end crosstalk: crosstalk in which the interfering circuit 
and the interfered circuit are both transmitting in the same 
direction with overlapping spectra. The disturbed receiver is at 
the far end of the media from the disturbing transmitter. FEXT is 
a performance limiter for AOSL systems on twisted pairs. 
FTTC — fiber- to-the-curb: fiber to a remote electronics node close 
to the subscriber (curbside). referred to as an Optical Network 
Unit (ONU). 
ISO — International Standards Organization: 
U — line termination: termination for an ISDN Basic Access DSL at 

the exchange termination (ET). 
MPEG — Moving Picture Experts Group: an ISO standards group 
working on digital data compression algorithms for storage and 
transmission of high quality full-motion video with associated audio 
and data channels. ISO standard 11172. 
MPEG-1 — First phase standardization effort on compression 
encoding up to 1 5 Mb/s total for "VHS (VCR) quality" video and 
audio channels. Audio at 64. 128 or 192 kb/s per channel. DCT- 
based algorithms. 
MPEG-2 — Second phase standardization effort encoding. Includes 
NTSC and HDTV with rates from 2 to at least 20 Mb/s. For higher 
-broadcast" quality and motion video with associated audio and 
data channels. . 
NEXT - near-end crosstalk: crosstalk in which the interfering cir- 
cuit and the interfered circuit are transmitting in different directions 
with overlapping spectra. The disturbed receiver is at the same 
(near) end of the media as the disturbing transmitter. Tends to 
be a performance limiter for symmetric DSL systems. See also 
FEXT. 

NT NT 1 _ network termination: ISDN; NT1 terminates layer 1 
functions only. 

OAM&P — operations, administration, maintenance, and provision- 
ing. 

OS— operations system, computer-based management/data base sys- 
tem for one or more aspects of OAM&P. 

ROT - Remote Digital Terminal: DLC or IDLC terminal located in 
the outside plant nearer to customer than COT See also COT. 

RFI°- radio frequency interference: an electrons system either 
being interfered with by another radiation source or the system 
interfering with another system. 

RFQ — request for quotation: document requesting product pric- 
ing and availabilitity information from potential suppliers. May 
include desire product specifications. 

S m - service module: module that converts ADSL payloads 
to/from customer specific service interface(s). See also STB. 

SONET - Synchronous Optical Network: plan for synchronous mul- 
tiplexing for optical fiber transport Accommodates both syn- 
chronous and asynchronous payloads. Signals are multiples of 
OC- 1 * 5 1 84 Mb/s. OC-3 = 3 x 51 .84 = 1 55.52 Mb/s. European ver- 
sion is Synchronous Digital Hierarchy (SDH). See also OC-n. PDH. 

STB— "eUop box: device that performs payload decoding and 
electrical, physical, and control interface functions for broad- 
band services. See also SM. 

S TM - synchronous transfer mode: new term for traditional TDM 
switching to distinguish it from ATM. See also ATM. 

TE. TE1 - terminal equ.pment. type 1. ISDN customer premises 
equipment. . , 

VDSL - very-high-rate Digital Subscriber Line: DSL capable of 
transporting SO Mb/s payloads or greater, either symmetric or asym- 
metric. ... - 

VT - virtual tributary: SONET channels defined to transport traditional 
digital hierarchy signals. VT1.5. VT2. VT3. and VT6 can carry pay- 
loads of DS1 (1.544 Mb/s), E 1 (2 .048). DS 1 C (3. 1 52). and DS2 (6.3 1 2). 
respectively. 




